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Abstract 
The study of microturbellaria is not popular, and hence, the taxonomy and ecology of these animals are poorly known. 
In temperate zone ponds and lakes, the number of species may be up to 50+ per water body. The Typhloplanidae, the 
subject of this review, live in the littoral–benthic zone, but pelagic occurrences have been accumulating since the first 
case was reported in 1952. Four species are currently known to be occasionally pelagic; all live in warm–temperate or 
tropical lakes. Typically, one species per lake is found, but in one lake in Brazil, 2 species co-occur. One of these feeds 
on the other and on zooplankton, with a preference for Cladocera. Flatworms seem to trade the littoral zone for the 
pelagic if predation pressure in the littoral exceeds that in the open water, and if the pelagic offers better food. Most Ty-
phloplanidae feed on arthropods, often with a preference for cladocerans, and show parallels with the cladocerans and 
rotifers in that 2 types of eggs (subitaneous and resting) are produced. In some flatworms, however, resting egg 
formation does not require amphimixis. There is also great variation between species in both the number of clutches 
and their composition, and within species, latitudinal differences may be important. At the cold extreme, species 
produce only one clutch of resting eggs; at the tropical extreme, species produce many subitaneous clutches, although 
resting eggs continue to be produced as well. The factors driving the life cycles of the pelagic species are discussed and 
include familiar variables such as temperature (circulation patterns), food, and predation. Flatworms also produce 
mucus and toxins that add complexity to their ecology; toxins are used for catching prey, and possibly for defense 
against predators (but not fish). If they become too abundant for their food supply, flatworms also seem to switch to 
resting egg production or block reproduction. 
Key words: ecology, flatworms, pelagic zooplankton, predation, resting eggs, subitaneous eggs, toxins, 
tropics–subtropics, Typhloplanidae
Introduction
The rhabdocoelid turbellarians are a group of predomi-
nantly marine, free-living gelatinous invertebrates 
(Willems et al. 2006), but the family Typhloplanidae is 
largely confined to fresh and estuarine waters. Most species 
are small, 1–5 mm, but Mesostoma ehrenbergii (Focke) 
reaches 1.5 cm, and some Phaenocora are even larger, 
rivaling the planarians (triclads; not considered in this 
paper) in size. Most are benthic, living in or on sediment or 
among water plants (Heitkamp 1982, Young 2001). 
Typhlopanids are carnivores yet vulnerable to 
predation themselves. Few are dietary specialists; 
Mesostoma rhynchotum is an ostracod feeder, while 
Phaenocora species eat oligochaetes (Young 1973). Most 
other species feed on a range of invertebrate prey. With 
their evertible pharynx, situated mid-ventrally, they rely 
on suction-feeding. Unlike the catenulids, for example, 
which have a terminal mouth and occasionally ingest prey 
larger than themselves (Nandini et al. 2011), typhloplanids 
are only capable of sucking-in prey with a sufficiently soft 
integument. The number of species and genera is only ap-
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proximately known, and currently the number of 
specialists capable of identifying flatworms to species 
level is fewer than 10 worldwide. Flatworm identification 
in principle requires the examination of live animals and 
diligent fixation, followed by serial sections and recon-
struction of the reproductive system. Crude fixation (e.g., 
using technical grade formalin) produces contracted 
animals and hinders identifications, if the resulting 
“blobs” are recognized as turbellarians at all (Schockaert 
et al. 2008). 
Here, we provide a review of what is known about the 
ecology (food and feeding, reproduction, life cycles) of 
the small but growing number of species that is at times 
truly planktonic. Because of gaps in the published 
literature, we supplement our account with original 
information, based on field and laboratory data; methods 
used are explained where such data are introduced.
Diversity and faunistics
Species richness of superfamily Typhloplanoidea on a 
world scale was estimated by Schockaert et al. (2008) and 
encompassed 307 species, and of these, 233 species 
occurr in the Palaearctic. Clearly, this reflects the 
geographic distribution of flatworm students, not of 
flatworms. Aside from Europe and the former Soviet 
States, Brazil stands out by its turbellarian diversity, 
which may well be real, but is more likely the result of 
the work of E. Marcus and spouse E. Dubois-Marcus (see 
Marcus 1946), extending over several decades. So far, 
practically every new regional study has added new 
species and, thus, Schockaert et al. (2008) concludes that 
true taxon richness (species and genus level) is underesti-
mated by about one order of magnitude.
Instead of large regions, species numbers (all turbel-
larians minus triclads) can be observed in single 
waterbodies. Heitkamp (1982) investigated a series of 
18 ponds in Saxony, Germany. In this part of central 
Europe, seasonal succession was evident, with most 
species occurring in summer, and the species richness 
varied between 16–24 species in open, vegetated ponds, 
compared to 4–12 species in shaded, vegetation-poor 
forest ponds. Vegetation offered scope for habitat diver-
sification, including substrates for the worms, and there 
was an indication that submerged macrophytes provide a 
refuge from predation (although no data on fish were 
given, it can be assumed that some were present, at least 
in the permanent ponds).
Chodorowski (1959) examined a large lake (Lake 
Harsz, Poland), with multiple subenvironments (he distin-
guished 32). Its number of species totalled 33, similar to 
the number (35) recorded by Gieystor (1939) from Wigry 
Lake, another well-studied Polish lake. Kolasa (1979), 
however, identified 57 species from Lake Zbechy, another 
shallow eutrophic lake in Poland, the largest number of 
species so far recovered from a single lake. 
All species found were littoral–benthic, but some 
showed a flexible habitat choice, and may, under suitable 
conditions, become planktonic. To date, the ecology of 
only 2 species has been reasonably well studied: 
Mesostoma lingua (Abildgaard) and M. ehrenbergii 
(Focke). Both are littoral animals, but M. ehrenbergii has 
recently been found in the limnetic region of a tropical 
lake in southeast Brazil (Lake Jacaré). Both species are 
also subcosmopolitan, and cryptic speciation and local 
adaptation are suspected to have occurred (Heitkamp 
and Schrade-Mock 1977) but have to date been little 
studied.
Field evidence for pelagic Mesostoma-
like Turbellaria
Four fully identified species of Mesostoma-like flatworms 
are currently on record from the pelagic of lakes and 
reservoirs; undoubtedly, more await discovery. Typically, 
only one species per lake is found. The first record, 
M. productum, from Lake Ranao, Sumatra, Asia (Ruttner 
1952), was soon followed by a lake in Rwanda, 
Equatorial Africa (de Beauchamp 1954). The species 
involved, M. inversum, had the peculiarity of swimming 
upside down (pharynx up); however, the morphologically 
similar M. productum also at times does this, and the 2 
species are now considered synonymous. These records 
went largely unnoticed until they were included in Hutch-
inson’s (1967) Treatise on Limnology. Additional African 
records include an unidentified species from Lake 
Bunyonyi in the Western Rift (Green 1965). This high-
altitude lake used to be fishless and was repeatedly 
stocked, although largely unsuccessfully, with alien fish 
species (Green 2009). 
In Morocco, Mediterranean Africa, July 1971, 
Dumont et al. (1973) found a Mesostoma in the plankton 
of Dayet Ifrah, a circular lake in the Middle Atlas 
mountains. Its vertical distribution suggested that it was 
tracking its prey, Daphnia longispina, but the observa-
tions were too short to confirm this. Yet, under laboratory 
conditions, De Meester and Dumont (1990) showed that 
the position of a pelagic flatworm in the water column 
was influenced by satiation. In nearby Portugal, 
Caramujo and Boavida (2000) studied zooplankton 
dynamics of reservoir Castelo do Bode over several 
seasons and years and published seasonal data on a 
pelagic Mesostoma showing an incidence focused on the 
summer months (Fig. 1), providing evidence for a 
predatory impact on the lake’s cladocerans, particularly 
Daphnia. 
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In tropical Brazil, Rocha et al. (1990) studied the me-
dium-to-small sized pelagic flatworm, M. craci (det. C. 
Norena-Janssen), in natural lakes (mainly lakes Jacaré 
and Dom Helvecio) of the Rio Doce valley, Minas 
Gerais, recording its temporal incidence and vertical 
migration (Fig. 2). In Lake Jacaré, this population, 
discovered in the 1980s, persists to date; specimens have 
been seen mainly during stratification (from Oct to May) 
and were plentiful in February 2012. M. ehrenbergii is 
also found there and reached high densities in the pelagic 
zone in 2003 and 2007, in the company of M. craci. In 
other years, it was rare. To date, this constitutes the only 
known joint occurrence of 2 pelagic species, as well as 
the only known pelagic occurrence of the large M. 
ehrenbergii. The reasons for this may be linked to the 
great changes that have occurred in the Rio Doce lakes as 
a result of alien fish introductions (Maia-Barbosa et al. 
2010).
Fig. 1. Summer occurrence of Mesostoma sp. in reservoir Castelo-do-Bode in Portugal (modified from Caramujo and Boavida 2002, with 
Permission by Springer).
Fig. 2. Vertical migration of Mesostoma sp. in Lake Jacaré, Rio Doce, MG, Brazil (dissolved oxygen profile also shown). From Rocha et al. 
1990, with permission by Springer.
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In Lake Pampulha, Brazil, a eutrophic urban reservoir 
in Belo Horizonte, brief pulses of turbellarians occur as 
well (Pinto Coelho 2012) under specific circumstances 
(discussed in the following section). In the state of Sao 
Paulo, the Tiete River has been controlled with cascades 
of dams. Pelagic Mesostoma-like animals have been 
spotted in the reservoirs of Barra Bonita (Rocha et al. 
1990), and some temporal data are available on 2 other 
downstream reservoirs (Promissão and Nova 
Avanhandava; Fig. 3). They almost certainly occur in all 6 
reservoirs of the series. None of these occurrences has yet 
been identified to species.
In Asia, no new records became available after that 
from Sumatra in 1952 until the recent upsurge of limno-
logical studies in China, stimulated by the large number of 
reservoirs built in that country, especially in the 
subtropical province of Guangdong. Here, the clearwater, 
mesotrophic reservoir of Liuxi He was found to harbour a 
pelagic flatworm identified as Rhynchomesostoma 
rostratum (det. C. Norena-Janssen), the dynamics of 
which have now been studied over several years (Wang et 
al. 2011; Fig. 4). In addition to Liuxi He, pelagic worms 
of the same or other species and genera have been 
recorded from several other reservoirs with different 
trophic conditions; roughly half of all reservoirs sampled 
so far at times have typhloplanids in their open water.
Fig. 3. Temporal occurrence of Mesostoma sp. in 2 reservoirs (Nova Avanhandava and Promissão) on the Rio Tiete in Sao Paulo, Brazil. 
Original data, courtesy of Odete Rocha, Sao Carlos, Brazil.
Fig. 4. Summer occurrence of the flatworm Rhynchomesostoma sp. in LiuXi He Reservoir, Guangdong, China. Also shown are the abundances 
of Daphnia galeata and Ceriodaphnia quadrangula. Daphnia is more quickly eliminated from the water than Ceriodaphnia, possibly by toxic 
poisoning rather than consumption. There is also a gap lasting several months during which the toxin is supposed to break down in the water, 
and Daphnia is unable to return. From Wang et al. 2011, with permission by Springer.
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While flatworms occur from the Arctic to the Equator, 
the incidence of planktonic occurrences seems to be 
nonrandom; although most studies were done in temperate 
Europe, not a single case of a temperate planktonic 
population has been recorded. Chodorowski (1959), 
Kolasa (1979), and Krause (1965) meticulously looked for 
different associations in different subenvironments of 
lakes Harsz and Zbechy in Poland and Lake Neusiedl in 
Austria–Hungary, including the pelagic zone. The pelagic 
zone was the only environment where they could not 
detect any flatworms, and therefore, their absence there in 
the temperate zone is likely real. True tropical lakes with 
pelagic flatworms also tend to be uncommon; the vast 
majority of records come from Mediterranean to 
subtropical climates in both hemispheres.
Does fish predation constrain (or 
occasionally stimulate) pelagic life in 
Turbellaria?
As modern bony fish invaded freshwater in the Mesozoic 
Period, a preexisting fauna of big branchiopod 
crustaceans was believed to be extirpated (Kerfoot and 
Lynch 1987). Big branchiopods today only survive in 
marginal biotopes such as high mountain lakes, saline 
waters, and temporary pools, while in the pelagic zone of 
lakes, only the smallest cladocerans managed to survive 
and coexist with fish and other predators, producing 
resting eggs to compensate for predatory losses, which 
are usually considerable (Dumont and Negrea 2002). Big 
branchiopods were likely not the only inhabitants of pre-
Mesozoic lakes, however. A variety of gelatinous inverte-
brates may have lived there, too, with many Turbellaria 
among them. A glimpse of what that variety may have 
looked like can be captured in the turbellarian fauna of 
Lake Baikal, Russia, although of much younger age 
(Kozhov 1963), but not a single pelagic species exists 
there. The gigantism of the Baikal fauna is entirely due to 
benthic triclads; how these evolved, and how they 
managed to coexist with fish are questions that will not be 
addressed here. Typhloplanids are found in the littoral 
zone but are of the same small size as species elsewhere 
(Timoshkin 1994). 
Oddly, almost no experimental evidence for fish 
predation on typhoplanids is found in the literature. Fish 
and amphibians are casually listed among the enemies of 
turbellarians (e.g., Heitkamp 1982, Young 2001) but 
without any detail. In March 2012, we set up a predation 
experiment in Belo Horizonte, Brazil, in which we used 2 
series of 250 mL microaquaria with 3–4 cm long native 
Brazilian guppies, Poecilia vivipara and P. reticulata. The 
fish were the predators, and M. ehrenbergii (young and 
adults) and the “small” M. craci from Lake Jacaré (~5 mm 
in size) served as prey. Within 2–3 hours, all small turbel-
larians were eaten. The fish had problems handling the 
large Mesostoma but eventually ate them too. In the 
presence of the swimming fish, flatworms became 
inhibited and tended to remain motionless on the bottom 
or wall of the jar. The experiment was continued for a 
week using the same fish, with no sign of rejection, 
poisoning, or subsequent mortality.
Indirect arguments also favor the hypothesis that fish 
predation limits pelagic life in turbellarians. The majority 
of the sites where limnetic Mesostoma is found are 
reservoirs. Often, when rivers are dammed, the fish fauna 
in the resulting reservoirs of riverine origin lacks pelagic 
planktivores. In contrast to the littoral zone, where most 
riverine fish prefer to dwell, predation in the open water is 
low, inviting elements lacking defenses against fish 
predation (flatworm toxins seem to be ineffective against 
fish) to invade the zooplankton. Furthermore, high 
turbidity and phytoplankton blooms in many of these 
reservoirs limit the efficiency of visual predation. In 
addition, there is vertical migration, as found in the natural 
lake Jacaré (Rocha et al. 1990; Fig. 2), which is now 
widely considered to be a strategy through which the 
zooplankton limits predation losses to fish (Gliwicz 1986, 
Lampert 2011). 
In Lake Pampulha, Brazil (see Pinto Coelho 2012 for a 
popular account of the limnology of this reservoir), the 
short, flashy appearances of flatworms are not random. 
This reservoir (max depth ~12 m; average depth ~3 m), 
which is heavily eutrophic and stratified from May till 
September, becomes unstable during the rainy period 
(Oct–Mar), with occasional destratification. On such 
occasions, oxygen may reach the otherwise anoxic 
bottom, giving any resting eggs at the sediment surface a 
signal to hatch. Massive fish kills often accompany the 
destratification events, such that predation pressure is 
temporarily relieved and a window of opportunity for 
flatworm development is created. 
The situation in Liuxi He is perhaps the most 
convincing, however. This deep, monomictic reservoir 
used to be stocked yearly with planktivorous cyprinid fish 
that did not naturally reproduce in the lake. In 2003–2004, 
stocking was stopped and a commercial fishing company 
removed most of the remaining fish stock. The 
expectation was that thereafter Daphnia galeata, rare in 
the lake’s plankton and disappearing each August, would 
build larger populations, but this did not happen. Instead, 
the flatworm Rhynchomesostoma rostratum appeared in 
the pelagic zone and started feeding on the Daphnia. As a 
result, the Daphnia now disappears in July and is 
replaced by Ceriodaphnia quadrangula (Fig. 4), competi-
tively inferior to Daphnia but better able to coexist with 
flatworms.
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Advantages to pelagic life for 
turbellarians
Lake Jacaré is exceptional in that its littoral predation 
level is higher than the pelagic level, a situation that arose 
after anglers introduced large-sized Amazonian 
piscivores, mainly tucunaré (Cichla monoculus) and red 
piranha (Pygocentrus nattereri), to the lake around the 
mid-1970s. These voracious hunters drove local pelagic 
fish close to extinction, and what remained of them found 
refuge in the shore region where they augmented Poecilia 
vivipara and other species, creating a high-predation 
environment (Latini et al. 2005). In contrast, the pelagic 
zone became a refuge for small invertebrates. It was 
enriched with zooplankton, including large numbers of 
Chaoborus, Daphnia (highly unusual in the tropics), and 
flatworms, the latter almost certainly driven out of the 
littoral by predation risk and perhaps hunger. There are 
interactions between Chaoborus and the flatworms; they 
seem to avoid each other by seasonal separation (Fig. 5 
and 6) while, as in Liuxi He, Mesostoma seems to rapidly 
exhaust the local Daphnia laevis, but the details of these 
phenomena remain to be studied. In laboratory cultures, 
M. ehrenbergii eats Daphnia and Chaoborus, but also the 
smaller M. craci (Fig. 7). 
In summary, advantages to pelagic life in flatworms 
seem to arise when predation pressure is lower in the 
pelagic than in the littoral zone. In such cases, big 
cladocerans will also increase and create an excellent 
food source for flatworms, but distinguishing between 
the effects of predation on and by flatworms may be 
difficult.
Fig. 5. Long-term presence of Mesostoma sp. in Lake Jacaré, MG, Brazil (lower panel), and of its preferred cladoceran prey (upper panel).
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Fig. 6. Detail of the occurrence of Mesostoma sp. in Lake Jacaré in (A) 2003 and (B) 2007. Daphnia laevis alternates with the flatworm, 
suggesting collapse under predation or toxic pressure. Chaoborus cf. brasiliensis also alternates with Mesostoma, but the meaning of this is 
unclear.
Fig. 7. Photographs of Mesostoma ehrenbergii feeding on the smaller Mesostoma sp. in Lake Jacaré: ee = eyes of M. ehrenbergi, esp = eyes of 
the “small” species of Mesostoma; re = resting eggs, ssp = the “small” Mesostoma either (A) “embraced” by M. ehrenbergii or (B) ingested by it.
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viviparity) and, in adequate conditions of food and 
temperature, young are born after around 15–21 days, 
depending on temperature, food, and species. In M. 
ehrenbergii and M. lingua, clutches of 20+ young are not 
exceptional (Table 1 and 2). A population freshly hatched 
from resting or subitaneous eggs will deliver its first 
clutch of young less than 3 weeks later and may therefore 
seem to show a turbo-development, with a sudden 
appearance of large numbers of worms in the water 
column. Resting eggs, in contrast, accumulate at the 
bottom of permanent lakes or in the dried sediment of 
temporary pools, waiting for an appropriate signal to 
hatch (see next section). 
In M. ehrenbergii, a limited lifetime fertility, not 
exceeding ~50 eggs per female and often fewer, is 
recorded in temperate regions. This worm also has a 
relatively short lifespan, which means that most produce 
only 2 clutches. Typically, the first clutch is composed of 
subitaneous eggs and the second of resting eggs, ending 
the lineage. Mixed clutches are rare (in which case a third 
and, exceptionally, a fourth clutch may be produced). A 
Brazilian strain kept in laboratory culture under unlimited 
food at different temperatures and no crowding in August 
2011 showed no significant differences in mean egg 
numbers at first reproduction at 20, 24, and 28 °C 
(Table 1). Mean total fecundity values were similar to 
Heitkamp’s data (1977) at temperatures from 22 to 30 °C. 
The time for formation of subitaneous eggs was also 
similar: 5–7 days and around 6–9 days in our and his 
experiments, respectively; however, mean longevity was 
22 versus 65 days, suggesting a shorter life span in the 
tropics, even under unlimited food conditions. Interest-
ingly, mean lifespan was independent of temperature in 
the range 20–28 °C, unusual for ectotherms and different 
from that found in, for example, M. lingua (Dumont and 
Schorreels 1990). 
Experimental data on reproduction and longevity for 
M. ehrenbergii at 24.5 ± 0.5 °C (Table 1), the mean annual 
temperature of Lake Jacaré, show that mean longevity was 
similar (differences statistically not significant; P = 0.74, 
ANOVA) among all treatments. Only one subitaneous 
clutch was produced in all conditions, after which only 
resting eggs were released; however, the clutches were not 
always distinct, with some worms seeming to have 
continuous reproduction.
This contrasts with the situation in M. lingua, where 
Heitkamp and Schrade-Mock (1977) studied latitudinal 
effects on the life cycle and recorded an astonishing 
flexibility. While animals from Finland tended to behave 
like M. rhynchotum and M. nigrirostrum, others from 
southern Europe and the Sahara (Tamanrasset) produced 
up to 9 clutches, with all possible combinations of resting 
and subitaneous eggs. The strain studied by Dumont and 
Reproduction: two types of eggs, and 
much flexibilty
In the temperate zone, it has long been known (Schneider 
1873) that typhloplanids produce 2 types of eggs: 
subitaneous eggs with direct development, and resting 
eggs with a delayed development (Von Bresslau 1903). 
The sequence in which these are produced is species-
dependent. Cold-adapted species include those (unidenti-
fied) studied by MacIsaac and Hutchinson (1985) and 
Schwartz and Hebert (1986) in the Arctic, but also alpine 
and cold-water species like M. rhynchotum and M. nigri-
rostrum. These produce a single clutch of resting eggs 
only (Heitkamp 1988). 
Like most small ectotherms with a life expectancy 
shorter than a year, flatworms overcome stressful 
period(s) in a passive state, better protected from adverse 
conditions than the active stage. Stressful or adverse 
periods may be dictated by climate and therefore occur 
with seasonal regularity (cold, drought), or by biotic 
factors (shortage of food, predation levels) and occur 
more or less erratically. The resting eggs are reminiscent 
of the ephippial eggs of anomopod cladocerans, although 
there are some fundamental differences. Ephippial eggs 
are (nearly) always the result of a bisexual episode 
(amphimixis), punctuating a series of generations 
produced by apomixis (parthenogenesis). Typhloplanids 
are simultaneous or consecutive hermaphrodites, and the 
ways in which resting eggs are produced are seldom 
clear, although in M. ehrenbergii and possibly others, it 
has been shown that the production of resting eggs does 
not require amphimixis. In some cases (see following 
paragraph), flatworm eggs may even be hard to classify in 
either of the 2 categories,
Proterandry and parthenogenesis have been recorded 
in a few species (Young 2001), and selfing is also not 
uncommon. Classical amphimixis, with copulation 
between partners, each acting as male and female simul-
taneously, might have a geographical component. In M. 
ehrenbergii in central Europe, for example, copulation 
involving amplexus is not rare (Göltenboth and Heitkamp 
1977). In contrast, in Minas Gerais, tropical southeast 
Brazil, we observed no bisexual reproduction in a 
laboratory population kept for almost a year. Keeping 
animals in isolation from birth ensured that no hidden 
copulations could take place, yet their lifetime fertility 
was indistinguishable from that of animals kept in groups. 
Moreover, the resting eggs were viable in both cases. 
Selfing can of course not continue indefinitely, and the 
question of how typhloplanids maintain genetic variation 
clearly invites study using appropriate molecular 
methods. 
Subitaneous eggs develop into miniature worms (ovo-
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Schorreels (1990), originally from a pan in Pongolo, 
South Africa, likewise produced a long suite of clutches 
with a lifetime fertility of hundreds of eggs (no distinction 
was made between subitaneous and resting eggs, 
however). Thus, there seems to exist a wide range of 
life-cycle types that are partly fixed, partly flexible.
Resting egg production in M. ehrenbergii 
and M. lingua is density-dependent 
The alternation of the 2 egg types in M. ehrenbergii was a 
particular source of fascination to early authors, starting 
with Von Bresslau (1903) and, especially, de Beauchamp 
(1924, 1926a, 1926b, 1927). De Beauchamp (1926a, 
1927) attempted to continue a given lineage in the lab for 
as many generations as possible but found that, after a 
limited number of generations, “degeneration” set in, and 
the cultures went extinct when the last animal producing 
only resting eggs had died. Manipulating temperature and 
food levels helped little, but having preserved a culture for 
23 generations, de Beauchamp (1926a) noted that 
“keeping animals in numbers in big jars leads to rapid 
extinction, in contrast to having them in small groups in 
tubes that are cleaned frequently.” The significance of this 
observation was clarified only much later when Fiore 
(1971) found that adults chemically induce young to 
switch from subitaneous to resting egg production. The 
inhibition worked with worm-free culture medium and 
was density-dependent; Heitkamp (1972a) independently 
discovered the same phenomenon and called it a 
“crowding effect.” In his words, “high densities of 
M. ehrenbergii and M. lingua cause resting egg 
production, such that densities will decrease.” Hereafter, 
we argue that this chemical communication is real, that it 
plays a role in the way a flatworm acquires prey, and that 
the chemical(s) involved have several properties of a 
neurotoxin.
Oxygen–temperature: trigger for 
initiating the life cycle?
Understanding the factors that initiate the life cycle of 
typhloplanids is perhaps the weakest aspect of our 
knowledge of these animals’ ecology. Initiation must by 
necessity come from the hatching of resting eggs, but the 
trigger(s) for hatching remain poorly known. The 
existence of a built-in clock cannot be ruled out, and the 
clock may be differently tuned at different latitudes. Thus, 
in Canada, resting eggs of M. ehrenbergii hatch after 
3 months (Beisner et al. 1997); in contrast, in tropical 
Brazil (Minas Gerais) we recorded massive hatching of 
resting eggs under laboratory conditions at 25 °C after 
about 30 days or less. Resting eggs of M. craci even 
hatched 4–5 days after being laid. As suggested earlier, 
Number of organisms 
per volume (mL)
Replicates Average number of 
subitaneous eggs  
(eggs per worm ± SD)
Average number of 
resting eggs  
(eggs per worm ± SD)
Mean longevity 
(days ± SD )
1/100 3 18.0 ± 9.0 39.5 ± 6.4 31.7 ± 11.0
4/400 2 9.0 ± 9.9 17.8 ± 1.1 25.0 ± 6.3
1/250 3 24.3 ± 3.5   23.7 ± 12.9 32.3 ± 10.3
4/1000 2 24.4 ± 2.3 22.1 ± 2.7 32.0 ± 7.7
Statistics: ANOVA. No differences (P = 0.25 for subitaneous eggs; P = 0.18 for resting eggs; P = 0.30 for longevity). 
Table 2. Laboratory data on reproduction and longevity of Mesostoma ehrenbergii fed ad libitum at 24.5 ± 0.5 °C.
Temperature (°C) Number of replicates Average number of subitaneous 
eggs (eggs per worm ± SD)
Mean longevity (days)
20 ± 1 °C 7 19.2 ± 2.2 23.7 ± 9.1
24 ± 1 °C 10 20.0 ± 3.5  22.4 ± 10.5
28 ± 1 °C 10 22.8 ± 1.4 24.5 ± 6.8
Statistics: ANOVA. No differences for fecundity or longevity (P = 0.10 and P = 0.74, respectively).
Table 1. First reproduction and longevity of Mesostoma ehrenbergii kept individually in 100 mL at 20, 24, and 28 °C.
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these may be neither subitaneous nor resting, but of some 
intermediate type, underscoring the great flexibility of tur-
bellarian reproduction. Heitkamp (1988) made a similar 
observation in M. lingua, where some clutches changed 
status until shortly before being laid. Such flexibility 
might be a typical trait of the Turbellaria; it is unknown in 
Cladocera and Rotifera.
In the littoral and in small ponds, the timing of 
hatching may be comparatively simple, governed by 
temperature and perhaps light, from the Arctic to the 
tropics. In temporary pools, flooding is the logical 
hatching signal. 
In no planktonic population has the alternation of 
subitaneous and resting eggs been properly recorded, 
such that even the idea that populations are restarted 
yearly from resting eggs is a supposition. In Lake Jacaré, 
Brazil, we can be confident that pelagic M. craci have 
lived for at least 40 years. In this warm monomictic lake, 
temperature at mixing is around 23–24 °C, while its 
maximum at the surface is around 30 °C. It is not likely 
that temperature over time regulates Mesostoma here, 
and indeed, available data (Rocha et al. 1990; author’s 
personal observations in Aug 2011 and Feb 2012) suggest 
that the population may strongly fluctuate, but it is 
probably never completely absent (Fig. 5). Yet, resting 
eggs are produced in the tropics as well and sink to the 
lake bottom. The trigger for activating them might 
consist of the slight temperature change at mixing 
(around a 2 °C decrease), coupled with an increase in 
dissolved oxygen. 
In Liuxi He, China, water temperature at circulation is 
11 °C, while the maximum is, again, ~30 °C. In this deep 
lake, oxygen at the bottom does not become depleted; 
however, here the temperature amplitude by itself is suffi-
ciently wide to provide a stimulus for hatching, and this is 
probably what happens. The first Mesostoma in the lake 
consistently appear around May.
Why, then, are there no limnetic flatworms in 
temperate zone lakes? Perhaps the answer is simply that 
no suitable triggers are available for their resting eggs in 
deep lake sediments to hatch. Temperatures in the 
hypolimnion may be too low for hatching and 
development to occur. Heitkamp (1977) found for M. 
ehrenbergii from Central Europe that 10 °C is the limit 
below which the species (and its resting eggs?) cannot 
survive. In addition, there is always a possibility for 
worms to invade from the littoral zone, and therefore 
predatory exclusion is far more probable. In the temperate 
zone, not only fish but a variety of large invertebrates 
potentially hunt for flatworms, including Leptodora, 
Bythotrephes, and the large carnivorous copepods 
Mesocyclops leuckarti, Cyclops abyssorum, and Acantho-
cyclops robustus/vernalis.
Resting eggs of flatworms differ from ephippial eggs 
in another important respect. Anomopod ephippia may 
remain viable for decades or more (Brendonck and De 
Meester 2003), but in typhloplanids, viability seems to be 
of the order of months only (Heitkamp 1972b). Thus, 
missing a trigger in a particular year could mean the 
elimination of a population.
Catching crustacean and insect prey: 
mucus and toxins
Several larger Mesostoma (<4 mm) feed on mosquito 
larvae, Chaoborus, and copepods (Anderson 1970, 
Kolasa 1984, 1987, MacIsaac and Hutchinson 1985, 
Blaustein 1990, Wrona and Koopowitz 1998, Trochine et 
al. 2006), raising the possibility of their use in biological 
control (Tranchida et al. 2009). In contrast, small 
flatworms often fall prey to large cyclopoids and 
predatory cladocerans. Lacustrine species (mostly 
medium-sized) tend to feed predominantly on anomopod 
cladocerans. The first descriptions of predation of M. 
ehrenbergii on Daphnia were given by Steinmann and 
Von Bresslau (1913) and Von Bresslau (1933), who 
depicted a worm hanging by a mucus thread and 
capturing passing cladocerans. Later observations include 
those by Heitkamp (1972a, 1072b), Maly et al. (1980), 
and Schwartz and Hebert (1982, 1987). 
All typhloplanids seem to produce mucus as they 
swim, and mucus glands are found all over their bodies 
(Göltenboth and Heitkamp 1977). Dumont and Carels 
(1987) found that, in an M. cf. lingua raised from resting 
eggs from a temporary pond in Pongolo, South Africa, 
the mucus not only entangled the prey, but such prey 
were also paralyzed and sometimes died before being 
eaten. The suggestions by Steinmann and Von Bresslau 
(1913) and Schwartz and Hebert (1982) that Mesostoma 
was “poisonous” and “paralyzing” were thereby 
confirmed (contradicting conclusions by Göltenboth and 
Heitkamp 1977). It remains uncertain, however, whether 
mucus and toxin are actually co-produced and co-
released. An alternative hypothesis is that the mucus layer 
is an autonomous secretion that offers worms a relative 
protection from their own toxin.
Aside from assisting with prey capture (offensive 
function), Göltenboth and Heitkamp (1977) suggest that 
the cost of mucus production may be offset by providing a 
defense against bacteria and fungi. Another defensive 
function advocated by the same research is scaring off fish 
by diffusing toxin from the mucus sheath covering the 
body, but none of these suggestions have been confirmed 
experimentally.
Illustrations of prey (Moina sp.) capture by M. cf. 
lingua can be found in Blaustein and Dumont (1990). 
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They involve a first strike (presumably delivering a 
paralyzing dose of toxin) enveloping  the prey in mucus, 
finding a weak spot in the carapace between head-shield 
and valves, or inserting the pharynx between the valves, 
and finally sucking the prey empty. In addition to this 
“poisonous snake” technique, Dumont and Carels (1987) 
found that Mesostoma leaks toxin to the environment and 
experimentally confirmed it could reach a lethal concen-
tration in aquarium cultures. No Daphnia could survive 
in the culture water, and the spiraling-down way in 
which they died was consistent with the action of a 
neurotoxin.
The Daphnia and Moina used to feed this Mesostoma 
strain were naïve to the predator, which may explain the 
extreme effects recorded. In a natural system, both the 
poison of the predator and the sensitivity of the prey 
would be subject to selection, resulting in a more resistant 
prey. Also subject to selection should be the degree of 
permanence of the toxin in the environment, and even the 
sensitivity of the flatworms to their own toxin. Finally, the 
question arises whether all typhloplanids are toxic or 
whether interspecific, and perhaps even intraspecific, 
differences in toxicity may arise through natural selection. 
The intraspecific aspect has not been well addressed, and 
only circumstantial evidence is available for interspecies 
differences. 
Rhynchosmesostoma rostratum of Liuxi He, China, is 
a toxic species, and Daphnia galeata, its preferred prey, is 
sensitive to its toxin. Ceriodaphnia quadrangula is less 
sensitive and capable of coexisting with the worm at 
densities where Daphnia is no longer found (Wang et al. 
2011). 
Toxicity has also been demonstrated in the catenulids, 
a group of turbellarians characterized by truly asexual re-
production. The toxic level in a culture of Stenostomum 
leucops was mild, however, and could be demonstrated by 
its effect on prey population parameters only (Nandini et 
al. 2011).
A little-documented behaviour is group-foraging, 
which may be difficult to distinguish from scavenging. It 
was probably first noted by Anderson (1970) in Canadian 
mountain lakes where flatworms were seen to rapidly 
cover dying diaptomids and devour them “like a pack of 
vultures.” Brendonck et al. (2002) describe a related 
behaviour in temporary rockpools in Botswana, but in this 
case flatworms performed group attacks on fairy shrimp 
(Branchipodopsis sp.). Whether one or several species of 
flatworm were involved in these group attacks is unclear, 
but the flatworm fauna of these rock-pools proved surpris-
ingly diverse and comprised mostly undescribed species 
(Artois et al. 2004). In contrast, MacIsaac and Hutchinson 
(1985) observed flatworms attacking fairy shrimp individ-
ually in arctic ponds but found the attacks to be unsuc-
cessful, even risking injury to the flatworm. Perhaps the 
distinction lies in the relative size of the predator and 
prey; successful attacks were on Branchipodopsis, a 
relatively small animal. 
Closing the life cycle: if not the 
environment, toxins again?
In the temperate zone, and certainly in the Arctic and at 
alpine altitudes, the season of the typhloplanids is ended 
by declining temperatures, triggering the formation of 
increasing numbers of resting eggs. In the tropics, no 
temperature signal is available and, for example, the 
Minas Gerais populations (Fig. 5 and 6) can be found at 
any time of year. Strong fluctuations may occur, but the 
presence of worms can usually be confirmed.
In Liuxi He, China, Rhynchomesostoma appears each 
year around May and disappears again by August–
September, a demise that cannot be ascribed to 
temperature. Fish predation could be an option, or 
predation by Chaoborus or Leptodora, although these 
predators are never numerous; however, the population 
also crashed in some large fish-free enclosures (~50 m3) in 
which Daphnia galeata first reached a peak, followed by a 
flatworm peak (at values of up to 10/L, whereas in the 
lake they never reach >1/L), but thereafter both the 
cladoceran and the worm populations collapsed rapidly 
(Wang et al. 2011; Fig. 4). In laboratory cultures, the 
behaviour of the worms changed; from being suspended 
in the water column, hunting for prey, or gently gliding, 
they became agitated, swam around, and stopped eating. 
After a few days the culture died out. We ascribe this 
phenomenon to the toxin released, to which the worm is 
itself sensitive; alternatively, the worms may be sensitive 
to Ceriodaphnia quadrangula, which they had great 
difficulty attacking and consuming. 
These hypotheses are not mutually exclusive and 
might even be additive. Moreover, it takes time (at least 3 
months) before Daphnia reappears in the water column 
and somewhat longer for the worm itself. We expect that 
this is the period the toxin lingers in the environment, 
rendering it hostile to worm and cladoceran alike. Finally, 
a chemical-mediated stress signal in the prey (both 
Daphnia and Ceriodaphnia) in the presence of the 
flatworm is produced by males and ephippia. Retreat into 
diapause follows, a well-known predator-avoidance 
adaptation (Hairston 1987, 1996, Pijanowska and Stolpe 
1996). Based on these findings, an obvious working 
hypothesis emerges: the worm toxin and Fiore’s (1971) 
chemical that inhibits worm reproduction are the same 
compound. As with fish kairomones (Lampert 2011), this 
toxin needs to be isolated and identified before further 
advances in this field can occur.
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